Network Calculus is a powerful mathematical theory for the performance evaluation of communication systems; among others it allows to determine worst-case performance measures. This is why it is often used to appoint Quality of Service guarantees in packet-switched systems like the internet. The main mathematical operation within this deterministic queuing theory is the minplus convolution of two functions. For example the convolution of the arrival and service curve of a system which reflects the data's departure. Considering Quality of Service measures and performance evaluation, the convolution operation plays a considerable important role, similar to classical system theory. Up to the present day, in many cases it is not practical and simple to perform this operation. In this article we describe approaches to simplify the min-plus convolution and, accordingly, facilitate the corresponding calculations.
Introduction
Timeliness plays an important role regarding systems with real time requirements. This Quality of Service (QoS) requirement can be found in many kinds of embedded systems which permanently exchange data with their environment; like safety-critical automotive systems or real time networks. Since knowledge of mean values is not sufficient, analytical performance evaluation of such systems cannot be based on stochastic modeling as applied in traditional queuing theory. For these systems worst-case performance parameters like maximum delay of service times are required. In order to specify guarantees of performance figures-in terms of bounding values which are valid in any case-a mathematical tool Network Calculus (NC) as a novel system theory for deterministic queuing theory has been developed [1] .
The development of this theory has been started by Cruz [2] [3] on the ( ) , σ ρ traffic description and his calculus for network delay. Further steps towards NC were taken by the work of Parekh and Gallagher [4] to determine the service curve of Generalized Processor Sharing (GPS) schedulers. The NC framework has been successfully applied for the analysis and dimensioning in various domains, including industrial automation networks [5] or automotive communications bus systems [6] .
This article is structured as follows, in Section 2 we describe the basic modeling elements of NC theory. The subsequent Section 3 demonstrates the difficulties of convolution calculation and describes possible solution approaches. Finally, Section 4 draws a conclusion and indicates future steps.
Basic Modeling Elements of Network Calculus
The most important modeling elements of NC are the arrival curve (denoted by α in the figures) and the service curve (denoted by β in the figures) together with the min-plus convolution. The arrival and the service curve are the basis for the computation of maximum deterministic boundary values like backlog and delay bounds [1] . (1) Figure 1 shows an arrival curve which represents an upper limit for a given traffic flow ( ) 
Next the convolution operation, which plays the most important role in Network Calculus will be defined. 
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Such service curves are functions of the time and describe the service of network elements like routers or schedulers in an abstract manner [7] . Example 2 A commonly used service curve of practical applications is the rate-latency function:
This function reflects a service element which offers a minimum service of rate R after a worst-case latency of T . Since we want to analyze the worst-case performance, it is possible to abstractly model the complex internal behavior of the node by just describing the worst-case service using this curve. This is very important in practical utilization.
In Figure 4 , the (green) line depicts the rate-latency service curve with rate R and latency T .
Consider a system with input flow ( ) x t , arrival curve ( ) t α , output flow ( ) y t and service curve ( ) t β .
According to [1] the following three bounds can be derrived:
The complete backlog ( ) ( ) ( ) Figure 4 shows these results.
Difficulties of the Convolution Operation
Within the Network Calculus (NC) theory, the convolution operation of so-called min-plus algebra is considered the most essential operation. This is because-based on the arrival-and service curve-it computes the departure of a network element, therefore it is the main instrument of analytical performance evaluation. For example in [1] , this operation is carried out "by hand" using pure analytical calculation. Take Example 3 (6) is depicted in Figure 5 . For the following convolution of two rate-latency service curves (concatenation) a similarly complex calculation is required.
Analytical Computation of Convolution Operator
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As we can see from above, this analytical approach is cumbersome and error-prone. But, similar to convolution of classical systems theory, the convolution ⊗ is of great importance for NC theory. This is why we are looking for other more elegant methods to computation.
Next, two alternative approaches called Use of algebraic laws and Use of convex analysis will be introduced.
Use of Algebraic Laws
In the following, the NC-relevant functions Φ are defined as non-negative, non-decreasing, and passing through the origin:
Among others, the following algebraic properties for the set of functions Φ can be found in literature [1] • Rule 1 (Commutativity of 
, , ,
Or take the concatenation example: 
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Use of Convex Analysis
The next approach is based on the theory of convex analysis [8] . Similar considerations related to NC theory can be found at [9] . However, we go another way considering "incomplete" convex functions. In Rockafellar's book [8] 
Remark:
In case of the convex NC functions of Φ :
1 n R R ≡ . From Theorem 1 and 2 we get ( ) ( )
Example:
Again the aim is the concatenation
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